To determine the correlation between mammography and ultrasound features of breast cancer with molecular subtypes and to calculate the predictive value of these features. Materials and Method: This is a prospective study of consecutive patients with breast cancer presenting between January 2016 and July 2017, who underwent mammography and/or ultrasound of breast and excision of the breast mass. Patients with contralateral breast mass, metastases, h/o prior cancer treatment, and other malignancies were excluded. On mammography, the presence or absence of microcalcification was noted. On ultrasound examination size, margins, microcalcification, posterior acoustic features, vascularity, and axillary nodes were assessed. Margins were categorized into circumscribed and non-circumscribed. Posterior acoustic features were classified into four categories: shadowing, enhancement, mixed, and no changes. Vascularity was assessed based on Adler's index into grades 0, 1, 2, and 3. Grades 0 and 1 were considered low and 2 and 3 were high. Results: Tumors with non-circumscribed margins and posterior acoustic shadowing were likely to be luminal A or B subtype of breast cancer [odds ratio (OR) 5.78; 95% confidence interval (CI) 3.68-9.80; P < 0.0001]. Tumors with non-circumscribed margins, posterior acoustic shadowing, and high vascularity were more likely to be luminal B subtype (OR 2.88; 95% CI 2-4.14; P-<0.0001). Tumors with microcalcification and posterior mixed acoustic pattern were strongly associated to be HER2-positive (OR 5.48; 95% CI 3.06-9.80; P < 0.0001). Tumors with circumscribed margins and posterior acoustic enhancement were highly suggestive of triple-negative breast cancer (OR 7.06; 95% CI 4.64-10.73; P < 0.0001). Conclusion: Microcalcification detected on mammography and certain ultrasound features such as circumscribed or non-circumscribed margins, posterior acoustic features, and vascularity are strongly correlated in predicting the molecular subtypes of breast cancer, and thus may further expand the role of conventional breast imaging.
Introduction
Breast cancer is the leading cause of death due to cancer in women worldwide, and the incidence has been increasing. [1] It is a diverse group of diseases with variable natural history, histopathological subtypes, biological characteristics, and response to treatments. The molecular subtyping of breast cancer has become an essential requirement for treatment planning, disease prognosis, and to avoid overtreatment. [2] The St. Gallen International Expert Consensus recently classified breast cancer into five different molecular subtypes based on gene expression patterns: luminal A (LA), luminal B [(LB; HER2−), LB (HER2+)], human epidermal growth factor receptor 2 (HER2)-enriched, and basal-like (triple-negative). Pathologically, these molecular subtypes are categorized based on tumor markers' expression status: estrogen receptor (ER), progesterone receptor (PR), HER2neu overexpression, and Ki-67 index. Invasive breast cancer with ER-and/or PR-positive and low Ki-67 index (ki-67 <14%) are considered LA type, ER-and/or PR-positive with high Ki-67 index (Ki-67 ≥14%) and HER2-negative are LB (HER2−) subtype, ER-and/or PR-positive with HER2-positive are LB (HER2+) subtype, ER-and PR-negative with HER2neu overexpression are HER2-enriched type, and breast cancer with all three receptors (ER/PR/HER2neu) negative are basal or triple-negative type. [3] [4] [5] [6] [7] [8] Immunohistochemistry (IHC) is the gold standard for detecting hormone receptor (ER/PR), HER2 overexpression, and Ki-67 expression status, but it is an invasive method, expensive test, and not readily available in many of the developing and underdeveloped countries. Mammography and ultrasound are the primary imaging modalities used for breast cancer screening, diagnosis of breast cancer, staging, treatment response assessment, and follow-up of the treated breast cancer patients. A few retrospective studies done in the past found that ultrasound features have high predictive values in differentiating triple-negative breast cancer (TNBC) and non-triple-negative breast cancer and also in determining the grades of tumor. [5] [6] [7] [8] [9] [10] [11] A study done by Cen et al. has shown good correlation between the mammographically detected suspicious microcalcifications and HER2 overexpression status. [12] To the best of our knowledge, there is no published study which has shown correlation between each of the five molecular subtypes of breast cancer and conventional breast imaging features. Therefore, the aim of this study was to correlate the mammography and ultrasound features with molecular status of breast cancer and also to calculate the predictive value of their correlation.
Materials and Methods
This is a prospective study conducted at a tertiary care cancer institute, and institutional ethics committee board approved the study protocol. The study sample consisted of 191 consecutive symptomatic patients presenting between January 2016 and July 2017 who were evaluated with mammography and/or ultrasonography (USG) and underwent surgical excision followed by histopathological and IHC examination of the sample. Patients with history of prior neoadjuvant chemotherapy, prior cancer treatment, bilateral breast cancers, and those unable to undergo histopathological and IHC examinations were excluded.
Image analysis
Among patients who underwent digital mammography, presence or absence of microcalcifications was noted. All the mammography examinations were supplemented with ultrasound of the breasts. All the ultrasound scans were performed by one of the four trained breast radiologists on Siemens Acuson S2000 ultrasound system with linear transducer of 18-MHz frequency. Patients less than 40 years of age were primarily evaluated with ultrasound of breast and some of them were complemented with mammography in case of doubt or after diagnosis. On USG, tumor size, shape, margins, echogenicity, posterior acoustic features, and vascularity on power Doppler were assessed. All the ultrasound images were independently analyzed by each radiologist, and in cases of interobserver disagreement, a joint consensus was reached after second observation. All the breast radiologists were blinded to the receptor status of breast masses. The imaging features' analysis in this study is illustrated and defined in Table 1 .
Histopathological and IHC analysis
The formalin-fixed and paraffin-embedded tissue samples were examined by experienced pathologists for tumor type and grading, and subsequently for immunohistochemical stain with appropriate antibodies to assess ER/PR status, Ki-67 index, and HER2 expression. On IHC examination, the ER or PR status was considered positive when the nuclear staining was ≥1%. Ki-67 index <14% was considered as low expression and ≥14% was considered high expression.
HER2 expressions with grades 0 and 1+ were considered negative, grade 2+ was equivocal, and grade 3+ was considered positive [ Figure 1A -D]. All the equivocal samples were further analyzed with fluorescence in situ hybridization technique and were considered positive if the samples showed >2-fold increase for gene amplification. Based on ER/PR/HER2 and Ki-67 expression status, breast cancers were categorized into five molecular subtypes: LA subtype: ER-and/or PR-positive, HER2-negative, and Ki-67 <14%; LB (HER2−) subtype: ER-and/or PR-positive, HER2-negative, and Ki-67 ≥14%; LB (HER2+) subtype: ER-and/or PR-positive and HER2-positive; HER2-enriched type (HER2): ER-and PR-negative and HER2-positive; triple-negative type (TN): ER, PR, and HER2-negative.
Statistical analysis
Our data was collected on Microsoft Office Excel 2010 and statistical analysis was performed using IBM SPSS version 20. The imaging features of different molecular subtypes were compared using univariate and multivariate analyses of data. For all the tests, statistical significance was assumed when P value < 0.05. Receiver operating characteristic (ROC) curves were also drawn and area under the curve was calculated.
Results
Demographic and imaging features of different molecular subtypes of breast cancers are summarized in Table 2 .
Our study cohort consisted of 191 patients with a mean age of 52 ± 11 years (range, 24-85 years); 41 (21%) were LA; 45 (23%) were LB; 24 (13%) were LB (HER2+); 30 (16%) were HER2-enriched; and 51 (27%) were TNBC types [ Figures 2 and 3 ].
Age distribution and imaging appearances of each molecular subtype are summarized in Figure 4A -F. The mean age for TNBC was significantly less than the other molecular types (46 vs 52 years). The mean tumor size measured on ultrasound was 32 ± 11 mm and the majority of them in each molecular subtype was >20 mm. The mean size was relatively higher because only symptomatic patients were included in the study. Breast cancers with microcalcifications were more commonly seen in HER2-positive lesions than HER2-negative (67% vs 33%).
Most breast cancers had non-circumscribed margins (80%)
and lesions with circumscribed margins were more likely to be triple-negative type (63% vs 37%). Posterior shadowing was predominantly seen with LA and LB subtypes than the others (86% vs 14%), and LB tumors showed high vascularity compared with LA (91% vs 12%).
Multivariate analysis with predictive value of imaging features with each molecular subtype is shown in Table 3 .
Breast tumors with circumscribed tumor margins on ultrasound were strongly associated with TNBC type [odds ratio (OR) 8; P < 0.0001] when compared with other subtypes. Posterior acoustic features' analysis suggested that tumors with posterior shadowing were more likely to be LA or LB type (OR 6.2 and 4.2; P < 0.0001); tumors with mixed posterior acoustic feature were significantly associated with HER2+ overexpression (OR 3.97; P = 0.0012); and tumors with posterior enhancement were strongly associated with TNBC (OR 12.7; P < 0.0001). Mammographically detected microcalcifications were strongly associated with HER2 overexpression (OR 8.1; P < 0.0001). On analyzing the vascularity on power Doppler, tumors with high Adler degree of vascularity (II or III) were better associated with LB type, that is, ER-and/or PR-positive with high ki-67 index (OR 12.48; P < 0.0001) or HER2-enriched type (OR 2.24; P = 0.058). LA and triple-negative type of tumors were found more likely to have low vascularity (Adler degree 0 or I).
On combining more than one imaging feature, breast tumors with non-circumscribed margins and posterior shadowing were strongly associated with LA or B types (OR 5.77; P < 0.0001), and if these tumors showed Adler high vascularity (grade II or III), then it was more likely to be LB (OR 2.88; P < 0.0001) type of invasive breast carcinoma. Tumors with posterior mixed acoustic pattern and microcalcifications were highly associated to have HER2 overexpression (OR 5.48; P < 0.0001), and tumors with circumscribed margins with posterior enhancement were very strongly associated with TNBC (OR 7.06; P < 0.0001). 
Discussion
In the current practice of breast cancer management, treatment is adjusted according to the receptor status determined on IHC of the particular tumor, which is the gold standard test and requires tissue sample for testing. Hence, various studies are being performed to determine how various imaging modalities including mammography, ultrasound, and magnetic resonance imaging could predict the molecular subtype of a breast tumor, which would further improve the potential for presurgical In this study, we analyzed the associations between mammography and ultrasound features with molecular subtypes of breast cancer categorized based on receptor status (ER, PR, HER2+, and Ki67) determined by IHC. LA and LB tumors (ER-and/or PR-positive and HER2-negative) showed significant positive association of having non-circumscribed margins and posterior acoustic shadowing on ultrasound. These findings were similar to a study done by Anupama et al. who reported that tumors with posterior shadowing had 25 times higher chances and tumors with non-circumscribed margins had 9.5 times higher chances of having hormone receptor positivity. [14] Irshad et al. also found tumors with posterior acoustic shadowing to have greater than nine times higher association with hormone receptor positivity. [6] Similarly, Celebi et al. found that tumors with combined findings of non-circumscribed margins and posterior shadowing were found to have 10.58 times higher association with LA and LB subtypes. [2] The presence of receptor status has a favorable prognosis as they show hormone sensitivity and posterior shadowing features on ultrasound. [2, 14] In contrast to LA, LB subtype was found to have Adler higher [13] Tumors detected to have microcalcifications on mammogram were strongly associated with HER2 overexpression. Seo et al. and Zhang et al. found that calcifications detected on ultrasound were more frequent in HER2-enriched tumors than the other subtypes, although some of the tumors with microcalcifications might have been missed as ultrasound is not as sensitive as mammogram for detecting microcalcification [13, 16] Cen et al. and Patel et al. also found that HER2-enriched tumors were more likely to have heterogeneous and pleomorphic microcalcifications on mammogram. [12, 17] Cen et al. also demonstrated that amorphous and heterogeneous coarse calcifications were associated with a higher incidence of LA subtype. In this study, LA was the next most common molecular subtype after HER-enriched to show microcalcification. On analyzing the posterior acoustic pattern, Her2-enriched tumors frequently demonstrated either posterior enhancement or mixed (enhancement and shadowing) feature possibly due to presence of microcalcification. This tumor type also showed higher degree of vascularity than LA, LB (HER2-negative), and TNBC subtypes. These findings were similar to previous studies published in literature. [2, 15] Tumors with well-circumscribed margins and posterior enhancement were strongly suggestive of TNBC type of breast cancer, which is the most aggressive type of breast cancer with rapid growth and necrosis. [12] [13] [14] [15] A study done by Anupama et al. found that triple-negative cancers were hypervascular compared with non-triple-negative cancers. But our study revealed that this molecular type was less vascular than LB and HER2-enriched tumor, possibly due to more necrosis. [15, 18] TNBCs were more frequent in younger age group and were negatively associated with microcalcifications. [2, 6, 14] Receptor status is detected on IHC test, an invasive test, which can cause procedure-related discomfort and complications in a patient. The reliability of the test also depends on the handling and processing of the tissue, which can occasionally lead to false-negative results. These tests are very expensive and not widely available in many developing and underdeveloped countries. On the other hand, mammography and ultrasound are noninvasive technologies, readily available, and used as the primary imaging modalities for breast cancer evaluation. Knowing the predictive value of certain imaging modalities may help the radiologists and clinicians in stratifying their patients enabling them to manage according to the resources available to them. If imaging features are highly suggestive of positive receptor status, it can further help the clinician in deciding the therapy in cases of discordance.
The limitations of our study were small sample size and non-inclusion of all imaging features of BI-RADS lexicon.
Conclusion
Microcalcification detected on mammography and certain ultrasound features such as tumor margins, posterior acoustic features, and vascularity on Doppler are strongly correlated in predicting the molecular subtype of breast cancer, and thus may further expand the role of conventional breast imaging for more precise diagnosis of breast cancer. Tumors with non-circumscribed margins and posterior shadowing are predicted to be LA or LB subtype. LB subtype cancers are more vascular than the LA subtype. Tumors with microcalcification, posterior mixed acoustic feature, and high vascularity are strongly predicted to be HER2 subtype. Circumscribed tumors with posterior enhancement and absence of microcalcification are predicted to be triple-negative type of breast cancer. However, larger multicenter studies are recommended for validating this.
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